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1. Introduction {#s0005}
===============

The newly identified coronavirus, SARS-CoV-2, known to cause respiratory illness, Covid-19, in humans, has now been declared a pandemic by the World Health Organisation. The virus, which was first detected in the Chinese city of Wuhan in the Hubei Provence in December 2019, has since spread rapidly across the globe, resulting in almost 7 million confirmed cases and over 400,000 deaths by the beginning of June 2020 ([@bb0140]). SARS-CoV-2 is an enveloped virus belonging to the coronavirus family, which consists of six other coronaviruses known to cause human illness ([@bb0025]; [@bb0030]). This novel coronavirus is closely related to other coronaviruses known to have caused outbreaks previously such as the Severe Acute Respiratory Syndrome (SARS-CoV-1) and Middle East Respiratory Syndrome (MERS-CoV) related coronaviruses, both of which have the ability to cause severe illness in humans. SARS-CoV-2 is reported as being most genetically identical to SARS-CoV-1 in particular, with studies reporting a genetic relatedness of \~80% ([@bb0040]; [@bb0205]).

The main route of transmission of SARS-CoV-2 between humans occurs via respiratory droplets and contact ([@bb0075]; [@bb0145]). However, concerns regarding environmental transmission and the associated public health risk are beginning to emerge. In relation to SARS-CoV-2, the risk of transmission to humans through recreational water bodies is unclear, as there have been no reports to date on the detection of or the ability of this particular virus to remain viable in such water bodies. It is believed that the SARS-CoV-2 virus may behave in similar ways to other coronaviruses, therefore, data reported on previously identified coronaviruses in relation to transmission routes and viability in the environment may be comparable to this novel virus ([@bb0115]). [@bb0020] highlight the need for enhanced understanding of the fate of coronaviruses, including SARS-CoV-2, in the aquatic environment ([@bb0020]).

2. Faecal-oral transmission - a potential route of transmission for SARS-CoV-2? {#s0010}
===============================================================================

Studies reporting the detection of SARS-CoV-2 viral RNA in faecal samples from infected humans have been emerging in recent months ([@bb0015]; [@bb0070]; J. [@bb0190]; [@bb0130]). Although viral RNA has been detected, this does not necessarily indicate the presence of the virus in its infectious state ([@bb0070]). However, the isolation of the live virus from stool samples has also been documented recently ([@bb0110]; [@bb0170]; Y. [@bb0200]). A number of studies have reported persistent viral shedding in faeces of previously SARS-CoV-2 positive patients following negative respiratory samples. The number of days, post negative respiratory swabs, in which viral shedding was noted in faeces ranged extensively from 7 days ([@bb0045]), to 10 days (T. [@bb0195]), to 20 days ([@bb0175]) to a surprising 33 days (Y. [@bb0160]).

In recent weeks, [@bb0090] reported the first detection of SARS-CoV-2 viral RNA in untreated wastewater collected from wastewater treatment plants (WWTP) in the Netherlands. Since then, there have been further reports indicating detection of the viral RNA in WWTP influent in Australia, the U.S.A, and France ([@bb0005]; F. [@bb0155]; [@bb0165]).

At present, the viability of this novel virus in both faecal and wastewater samples is not known, however, data has been reported previously on the viability of the closely related SARS-CoV-1 virus in such samples. The SARS-CoV-1 virus, believed to be of zoonotic origin, which like SARS-CoV-2 causes respiratory illness, caused an outbreak in 2003 killing almost 700 people across the globe ([@bb0085]). Reports have indicated that the SARS-CoV-1 virus has been found to survive in faecal samples for up to 17 days at 4 °C, however at a higher temperature of \~20 °C, length of survival significantly reduced to 3--4 days ([@bb0135]; [@bb0105]). Similarly, in wastewater samples, the SARS-CoV-1 virus was found to survive for up to 14 days at 4 °C, however, only 2--3 days at an elevated temperature of \~20 °C ([@bb0105]; [@bb0060]).

Following detection of new pathogenic microorganisms, such as SARS-CoV-2, concerns begin to arise in relation to transmission routes and generally, the risks associated with the spread of such pathogens through the environment ([@bb0010]). To date, there have been no reports of humans contracting the SARS-CoV-2 virus via faecal-oral transmission ([@bb0035]). However, where the SARS-CoV-2 virus is present in its infectious state following excretion from the body, the potential of faecal transmission cannot be ruled out. The importance of considering this route of transmission has been highlighted, especially where humans may become exposed to faeces or wastewater containing the virus i.e. in water bodies contaminated with raw discharge ([@bb0065]; [@bb0095]; [@bb0120]; [@bb0170]; [@bb0175]; [@bb0180]; [@bb0185]; Y. [@bb0200]).

3. The effect of wastewater treatment on SARS-CoV-2 {#s0015}
===================================================

Wastewater containing human excreta serves as a potential route for dissemination of pathogenic microorganisms in the environment. Therefore, the discharge of inadequately treated wastewater containing such microorganisms poses a risk to human health ([@bb0050]). In general, wastewater is treated at a WWTP prior to its discharge into the aquatic environment. In relation to SARS-CoV-2, very little research has been carried out on the effects of the wastewater treatment processes on the virus to date. A major challenge to understanding the role of wastewater in transmission of SARS-Co-V-2 is lack of standardised methodologies for detection and quantification in wastewater samples ([@bb0080]). Although [@bb0165] reported the detection of SARS-CoV-2 RNA in both untreated and treated wastewater samples collected from WWTP\'s in France, they did document a decrease in the viral load following wastewater treatment. It is important to note that as this was viral RNA detected in the wastewater samples, it does not indicate the presence of the infectious virus.

Although little data is available in relation to the effects of wastewater treatment on SARS-CoV-2, there is no evidence to suggest that this virus behaves in a different manner to other coronaviruses. A previous study which investigated coronavirus survival following primary and secondary wastewater treatment, but before disinfection, reported reduced viability of the virus in secondary effluent ([@bb0060]). The inactivation of the closely related SARS-CoV-1 by common antiseptics and disinfectants, such as ethanol, chlorine and bleach, has been reported previously indicating susceptibility to such agents ([@bb0100]; [@bb0055]). According to the [@bb0115] and [@bb0150], previous studies have indicated that filtration and disinfection systems in place at municipal WWTP\'s should be sufficient for the inactivation of viruses. Although reports have indicated the disinfection process to be a crucial step in wastewater treatment for the reduction in viability of viruses, there is still a possibility of the virus remaining in the WWTP effluent ([@bb0125]). However, even if the virus does enter the aquatic environment, enveloped viruses, which include coronaviruses, are believed to have a short survival rate in such waters ([@bb0125]).

4. Conclusion {#s0020}
=============

According to the [@bb0030], [@bb0035], the expected risk associated with contracting the SARS-CoV-2 virus via water sources including wastewater and recreational water bodies\' remains low. However, further research is warranted to investigate both viability and infectivity of this novel virus in wastewater and in receiving water bodies. Such research is important to gain a better understanding of the risk associated with contracting the virus in recreational waters and to assist public health authorities in the development and implementation of policies and guidelines for the protection of human health.
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